Becker's naevus is an androgen-dependent hyperpigmentation dermatosis occurring mostly in male teenagers. This study reveals that levels of androgen, oestrogen and progesterone receptors are remarkably higher in skin lesions of Becker's naevus compared with perilesional and control skin, using immunohistochemistry, reverse transcription PCR and Western blot. The abnormal activities of these sex hormone receptors are also present in perilesional normalappearing skin. These results suggest that simultaneous overexpression of androgen, oestrogen and progesterone receptors might be implicated in the pathogenesis of Becker's naevus.
B ecker's naevus (BN) is a fairly common dermatosis that generally becomes apparent in adolescence. It typically presents as a brown patch on the shoulder girdle and upper chest, often concomitant with hypertrichosis. The main pathological features of BN include acanthosis, basal hyperpigmentation, and rete ridge fusion and elongation (1, 2) . The aetiopathogenesis of BN is unclear. BN may represent a paradominant trait, but Cai et al. (3) proposed that mutations in ACTB might interfere with the development of hair follicles and pilar muscles development through enhanced Hedgehog signalling.
Sex hormones play important roles in physiological and pathological processes in human skin. Androgen, oestrogen and progesterone mediate the biological actions through their receptors. Androgen receptor (AR), oestrogen receptor (ER) and progesterone receptor (PR) belong to class I members of nuclear receptor superfami-ly and serve as ligand-inducible transcription factors (4, 5) . Both testosterone and dihydrotestosterone bind to AR, with a potent biological activity of dihydrotestosterone (4) . ER comprises 2 isoforms, ERα and ERβ, coded by ESR1 and ESR2 genes, respectively (5); 17β-oestradiol has a similar affinity for ERα and ERβ (6) . PR includes truncated PRA and full-length PRB, produced by the same PR gene (7) . Androgen can influence hair growth, sebaceous gland growth and differentiation, epidermal barrier homeostasis and wound healing, while oestrogen is involved in skin ageing and cancer, pigmentation, hair growth and sebum production (8) . In contrast, less is known about the impact of progesterone on skin and its appendages. Progesterone stimulates keratinocyte and sebum secretion, but inhibits pigment production and collagen degradation (9, 10) .
It is generally accepted that BN is an androgen-dependent dermatosis (11, 12) . Although the true prevalence of BN in females is undetermined, BN has been shown to be more common in male teenagers with higher serum levels of androgen (11) . Several reports have found AR overexpression in BN lesions (11) (12) (13) (14) (15) . Oral spironolactone (50 mg/day) enlarged the hypoplastic breast in BN syndrome (16) , while topical 4% flutamide solution alleviated hyperpigmentation in BN (17) . These results support the role of androgen in the pathogenesis of BN. However, to date, ER and PR expression in BN is unknown. This study investigated the expression of AR, ERα, ERβ and PR in BN lesional skin using immunohistochemistry, reverse transcription PCR (RT-PCR) and Western blot (WB).
METHODS

Specimens
Between January 2014 and June 2015, lesional and perilesional normal-appearing skin was collected from 17 male and 3 female patients with BN (Table SI 1 ). The mean diagnostic age was 19.05 ± 6.07 (range 12-38) years and mean ± SD duration 8.51 ± 7.47 (range 0.1-32) years. BN was diagnosed based on the clinical and pathological features (1, 2) . Normal skin samples were obtained from 8 healthy males and 2 females who underwent aesthetic surgery, with a mean age of 20.40 ± 4.86 (range 13-30) years. Sex and age were comparable between the 2 groups (χ 2 = 0.12, p = 0.729; t = 0.611, p = 0.546). The biopsied samples were divided into 2 halves, of which one was fixed with 10% neutral buffered formalin and embedded in paraffin for immunohistochemistry, and the other was frozen in liquid nitrogen for isolation of RNA or DNA. This study was approved by the Institutional Review Board of our hospital (number PJ2013121) and informed consent was obtained from all participants.
Immunohistochemistry
The paraffin-embedded sections were dewaxed, hydrated, autoclaved in 0.01 M citrate buffer (pH 6.0) for 2 min, and incubated with 3% hydrogen peroxide for 10 min to quench the endogenous peroxidase activity. Subsequently, the sections were incubated with monoclonal rabbit anti-human AR (clone D6F11; cat. 5153; 1:500 dilution; Cell Signaling Technology, Danvers, MA, USA), rabbit anti-human ERα (clone E115; cat. ab32063; 1:100 dilution; Abcam, Cambridge, MA, USA), mouse anti-human ERβ (clone 14C8; cat. ab288; 1:200; Abcam), or rabbit anti-human PR (clone C89F7; cat. 3153; 1:100; Cell Signaling Technology) overnight at 4°C, followed by treating with ready-to-use Elivision Plus kit (Maixin Biotechnology, Fuzhou, China) for 1 h at room temperature. The sections were stained with diaminobenzidine kit (Maixin Biotechnology) and then counterstained with haematoxylin. Breast cancer specimens served as positive controls, while omitting the primary antibody as negative controls.
The micrographs were captured by Olympus DP71 digital camera (Tokyo, Japan) and analysed by 2 inde pendent observers using Image-Pro ® Plus v6.0 (Media Cybernetics Inc., Silver Spring, MD, USA). Five fields were chosen randomly from each section at ×200 magnification. AR, ERα, ERβ and PR staining was mainly nuclear and sometimes cytoplasmic. Nuclear staining keratinocytes were counted in the interfollicular epidermis. In addition, because the pilosebaceous units were seen only in 2 normal specimens, nuclear positive cells in the hair bulb, outer root sheath, and basal and differentiated sebocytes of all pilosebaceous glands in each section were calculated in lesional and perilesional skin.
The Allred score, based on proportion of positive cells and staining intensity, was adopted to evaluate the immunoreactivity of AR, ERα, ERβ and PR. Briefly, the proportion of nuclear staining cells was assigned as 0 (no staining), 1 (< 1%), 2 (1-10%), 3 (11-33%), 4 (34-66%) and 5 (> 67%), while the staining intensity was scored as 0 (no staining), 1 (weak staining), 2 (moderate staining) and 3 (strong staining). The 2 scores were added together and then categorized into 4 classes: negative (0-2), 1+ (3-4), 2+ (5-6) and 3+ (7-8) (18, 19) .
Reverse transcription PCR
Total RNA was extracted from frozen skin specimens of 13 cases of BN and 10 healthy subjects, using TRIzol Reagent (Life Technologies, Carlsbad, CA, USA), quantitated by spectrophotometer (Eppendorf, Hamburg, Germany) and reverse transcribed with M-MLV RTase cDNA Synthesis Kit (TaKaRa Biotechnology Co. Ltd, Dalian, China). The primer sets (Table SII 1 ) were synthesized by Sangon Biotech Co. Ltd (Shanghai, China). PCR was performed using S1000™ Thermal Cycler (Bio-Rad Laboratories, Hercules, CA, USA) in a final volume of 20 μl, containing 1 μl template cDNA, 1 μl primer, 10 μl Premix Ex Taq™II (TaKaRa Biotechnology Co. Ltd) and 8 μl distilled water. Amplification conditions included initial denaturation at 98°C for 5 min, 30 cycles of amplification (98°C for 30 s, adapted annealing temperatures for 30 s, and 72°C for 40 s), and final extension at 72°C for 5 min. Amplification products were electrophoresed in 1.2% agarose gel, stained with GelRed™ (Biotium Inc., Hayward, CA, USA) and visualized under UV transillumination. The relative gene expression of AR, ER and PR was normalized to GAPDH.
Western blot
The frozen skin specimens of 13 BN cases and 10 healthy subjects were lysed using PRO-PREP™ Protein Extraction Solution (iNtRON Biotechnology, Seongnam, Republic of Korea). Protein concentrations were determined using BCA Protein Assay Kit (Beyotime Biotech, Jiangsu, China). Thirty microgram total protein was subjected to SDS-polyacrylamide gel electrophoresis and transferred onto polyvinylidene fluoride membrane (ISEQ00010; Millipore Corporation, Billerica, MA, USA). Membranes were blocked with 5% skim milk for 1 h, and then incubated with primary antibodies (AR, 1:1 000; ERα, 1:250; ERβ, 1:500; PR, 1:250; rabbit anti-human GAPDH, 1:2 000, clone 14C10, cat. 2118, Cell Signaling Technology) overnight at 4°C. Subsequently, membranes were incubated with horseradish peroxidase-labelled secondary antibodies (goat anti-rabbit IgG (cat. 7074) for AR, ERα, PR and GAPDH; horse anti-mouse IgG (cat. 7076) for ERβ; Cell Signaling Technology) at 1:5 000 dilution for 1-2 h at room temperature. The immunoblots were visualized using Immobilon™ Western Chemiluminescent HRP Substrate (Millipore Corp.) and photographed using X-ray films. The grey values were acquired with Image J software. AR, ER and PR protein expression was standardized as the ratio to GAPDH.
Statistical analysis
RT-PCR and Western blot results were analysed using one-way analysis of variance with least significant difference test, while immunohistochemical data were evaluated using Kruskal-Wallis and Mann-Whitney tests. The relationship between AR, ER and PR immunohistochemical expression in the epidermis was determined by Spearman's rank correlation analysis. p < 0.05 was considered significant.
RESULTS
Clinicopathological characteristics
All patients presented with asymptomatic brown patches with irregular borders, with no mucosal involvement or family history of BN. Skin lesions were most common on the scapular region and proximal limbs (Table SI 1 ). Hypertrichosis was observed in 17 cases (85%). The main pathological changes included rete ridge elongation and fusion (100%), keratotic plugging (70%), acanthosis (75%), basal pigmentation (95%), sebaceous hyperplasia (80%), smooth muscle hyperplasia (75%) and mild perivascular lymphohistiocytic infiltration in the superficial dermis (100%).
Androgen receptor expression
AR immunoreactivity was observed in basal and spinous layers of epidermal keratinocytes, pilosebaceous glands, eccrine glands, fibroblasts, inflammatory cells and vascular endothelial cells in lesional, perilesional and control skin. Epidermal AR expression was incremental in BN lesional skin compared with control skin (p < 0.01). AR immunostaining was higher in the hair follicles and sebaceous glands of BN lesional skin than in perilesional skin (p < 0.01-0.05) ( Fig. 1, Table SIII 1 ). RT-PCR and WB results revealed that AR mRNA and protein levels were higher in lesional and perilesional skin than in control skin (p < 0.01-0.05), with the highest in BN lesional skin (Figs 2-3) .
Oestrogen receptor expression
ERα and ERβ immunoreactivity was detected in the basal and spinous layers of epidermal keratinocytes, pilosebaceous glands, eccrine glands, fibroblasts, inflammatory cells and vascular endothelial cells. Epidermal ERα and ERβ expression was increased in lesional and perilesional skin compared with control skin (p < 0.01), especially in BN lesional skin. ERα and ERβ immunostaining of hair follicles was increased in BN lesional skin compared with perilesional skin (p < 0.01-0.05), but that of sebaceous glands showed no difference between lesional and perilesional skin (p > 0.05) ( Fig. 1 , Table SIII 1 ) . RT-PCR showed that ERα and ERβ mRNA levels were upregulated in lesional and perilesional skin compared with control skin (p < 0.01), with the maximum level in BN lesional skin (Fig. 2) . However, WB demonstrated that ERα and ERβ protein levels were augmented in BN lesions compared with perilesional and control skin (p < 0.05) (Fig. 3) .
Progesterone receptor expression
PR staining was localized in basal and spinous layers of epidermal keratinocytes, pilosebaceous glands, eccrine glands, fibroblasts, inflammatory cells and vascular endothelial cells. Epidermal PR expression was higher in lesional and perilesional skin than in control skin (p < 0.01-0.05), with the highest level in BN lesions. PR overexpression was present in hair follicles (p < 0.01), but not in sebaceous glands (p > 0.05) in BN lesions compared with perilesional skin (Fig. 1, Table SIII 1 ). RT-PCR and WB revealed that PR mRNA and protein level was higher in lesional and perilesional skin than in control skin (p < 0.01-0.05) (Figs 2 and 3) . 
Relationship between immunohistochemical expression of androgen, oestrogen and progesterone receptors in the epidermis
Except for a significant positive correlation between ERα and ERβ immunoreactivity (r = 0.524, p = 0.018), no significant relationship was observed among AR, ER and PR expression in the epidermis.
DISCUSSION
There have been a few reports on AR expression in BN lesions. Ligand-binding assay showed incremental AR amount in 1 boy (13) and 2 girls with ipsilateral breast hypoplasia (14) . RT-PCR and ligand-binding assay revealed higher AR levels of the cultured fibroblasts from a man (15) . Immunohistochemical staining showed AR overexpression in the epidermis (12) and dermal fibroblasts (11) . Similarly, our results displayed higher levels of AR mRNA and protein in the epidermis and pilosebaceous glands of BN lesions compared with perilesional and control skin.
Androgen can stimulate epidermal proliferation (20) and regulate hair growth in a body-site-dependent manner in humans (21) . Androgen/AR signalling accelerated premature senescence in human dermal papilla cells (22) . AR modulated the hair cycle via suppressing Wnt/βcatenin signalling in adult mouse epidermis (23) . On the other hand, previous studies showed that androgen alone stimulated proliferation, but did not induce differentiation and lipogenesis in cultured human sebocytes, while a recent report found that androgen induced sebaceous proliferation, differentiation, lipogenesis and apoptosis in SEBO662 sebocytes (24) . AR activation promoted MYC-induced sebaceous gland differentiation in mice (25) . Therefore, AR hyperactivity in this study is likely to explain the pubescent onset and clinicopathological alterations of acne, hirsutism, acanthosis, dermal thickening and smooth muscle hyperplasia in BN (11) .
The current study showed that levels of ERα and ERβ mRNA and protein were higher in BN lesions than in perilesional and control skin. ERα and ERβ immunoreactivity was upregulated in hair follicles, but not in sebaceous glands of lesional skin compared with perilesional skin. Oestrogen increases collagen content, dermal thickness and water content in human skin (26) . Oestrogen can stimulate keratinocyte proliferation in human epidermis and hair follicles, and suppress epidermal keratinocyte apoptosis (27) . Oestrogen was originally described to inhibit lipogenesis in human sebaceous glands, but it had no influence on proliferation of, and lipid synthesis in, SZ95 sebocytes (28) . Physiological concentration of oestradiol stimulated keratinocyte proliferation by upregulating the level of ERα (29) , while pharmacological activation of ERβ, but not ERα, induced keratinocyte proliferation and differentiation (30) . ERα generally exhibits pro-proliferative and anti-apoptotic effects, while ERβ has the opposite effect. Because ERβ can counteract the stimulatory effects of ERα through their heterodimerization, the response of the target cell to oestrogen may rely on the ERα/ERβ ratio (31) . Thus, the results of the current study suggest that oestrogen might enhance acanthosis and hypertrichosis via the dominant ERα.
The role of progesterone in skin and pilosebaceous glands is unclear. Progesterone enhances keratinocyte proliferation and blocks the activity of 5α-reductase (32) . Progesterone significantly inhibited dihydrotestosterone synthesis in dermal papillae of human hair follicles (33) . Progesterone increased human sebum secretion (9), but did not affect proliferation and lipid synthesis in SZ95 cells (28) . In this study, BN lesions showed higher levels of PR mRNA and protein compared with control skin. Immunostaining scores of PR were incremental in hair follicles other than sebaceous glands in lesional vs. perilesional skin. These results imply that progesterone could facilitate epidermal proliferation, but suppress hair follicle growth.
Hyperpigmentation is the main manifestation of BN, but its mechanism is unknown. In a previous study we found an increase in Melan-A + melanocytes in BN lesions (1) . Androgen reduced tyrosinase activity in human melanocytes (34) , while oestrogen promoted proliferation, tyrosinase activity and pigment synthesis (35) . Oestrogen increased, but progesterone decreased pigment production in human melanocytes (10) . Meanwhile, melanocortin 1 receptor plays a central role in determining human cutaneous pigmentation. Oestradiol increased, testosterone reduced, while progesterone had no effect on melanocortin 1 receptor expression in human melanocytes (36) . Therefore, ER overexpression may be primarily responsible for the hyperpigmentation in BN.
AR, ERα, ERβ and PR expression was usually higher in perilesional normal-appearing skin than in control skin in this study, suggesting that the abnormal activities of these sex hormones may be present in perilesional skin despite its inconspicuous appearance (12) .
It is noteworthy that steroid receptors can cross-talk with one another (37) . Androgen can mimic the progesterone actions via an AR-independent mechanism, while progesterone can imitate, inhibit and reinforce the androgen effects (38) . Oestrogen activates AR in the absence of testosterone and dihydrotestosterone (39) , whereas testosterone metabolites motivate ERβ in mouse prostate, leading to a reduction in the level of AR (37) . PR activation can reduce ERα-driven proliferation in breast cancer cells (7) , while progesterone-induced rapid ERα activation can upregulate expression of PR (40) . Collectively, local balance among androgen, oestrogen and progesterone levels may serve to fine-tune their actions in the target cells (37). Seleit et al. (27) found a positive correlation between ERβ and AR immunoreactivity in 60 normal skin samples. However, this study revealed that epidermal AR expression was not correlated with ER and PR expression, except for a direct relationship between ERα and ERβ immunostaining in 20 BN lesions. Although the effect of sample size and biopsy site may not be excluded, our results imply an imbalance of these sex hormone receptors in BN lesions. The interdependence of AR, ER and PR signalling pathways needs to be determined in normal skin and BN lesions.
A limitation of this study was the small sample size, thus the statistical power may be limited and correlation analysis was not performed between clinicopathological variables and sex hormone receptors. In addition, the sex difference in epidermal AR and ERβ immunoreactivity is insignificant in patients with BN and normal subjects (12, 27) . The male/female ratio of BN was 4.5:1 in our previous survey (1) . Thus, 17 male and 3 female patients with BN were enrolled in this study.
In conclusion, these results suggest that the simultaneous overexpression of AR, ERα, ERβ and PR might be implicated in the pathogenesis of BN. The abnormal activities of these sex hormone receptors are present in perilesional normal-appearing skin. Large sample studies are needed to demystify the potential roles of AR, ER and PR signalling pathways and their interactions in BN.
